Purpose: To evaluate the effect of pelvic radiotherapy (RT) in patients with stage IV rectal cancer treated with resection of primary tumor with or without metastasectomy. Materials and Methods: Medical records of 112 patients with stage IV rectal cancer treated with resection of primary tumor between 1990 and 2011 were retrospectively reviewed. Fifty-nine patients received synchronous or staged metastasectomy whereas fifty-three patients did not. Twenty-six patients received pelvic radiotherapy. Results: Median overall survival (OS), locoregional recurrence-free survival (LRFS), and progression-free survival (PFS) of all patients was 27, 70, and 11 months, respectively. Pathologic T (pT), N (pN) classification and complete metastasectomy were statistically significant factors in OS (p = 0.040, 0.020, and 0.002, respectively). RT did not improve OS or LRFS. There were no significant factors in LRFS. pT and pN classification were also significant prognostic factors in PFS (p = 0.010 and p = 0.033, respectively). In the subgroup analysis, RT improved LRFS in patients with pT4 disease (p = 0.026). The locoregional failure rate of the RT group and the non-RT group were 23.1% and 33.7%, showing no difference in the failure pattern of both groups (p = 0.260). Conclusion: Postoperative pelvic RT did not improve LRFS of all metastatic rectal cancer patients; however, it can be recommended to patients with pT4 disease. A complete resection of metastatic masses should be performed if possible.
Introduction
According to the data on age-standardized cancer incidence in 2009 from the Korea Central Cancer Registry, colorectal cancer is the second most common cancer in men (49.0/100,000) and the 3rd most common cancer in women (25.9/100,000).
Colorectal cancer is shown to be one of the most sharply increased malignancies in Korea. Between 2000 and 2009, the incidence of colorectal cancer has increased by 6.8% in men and 5.1% in women, annually [1] .
Stage IV colorectal cancer consists of 20% of colorectal cancer patients at the time of diagnosis, and shows a 11.9%
http://dx.doi.org/10.3857/roj.2012. 30 . 4.205 of 5-year survival rates [2] . Some of stage IV rectal cancer patients with resectable metastatic disease in the liver or lung have a chance of curative surgical resection which can improve survival [3] [4] [5] [6] . Additionally, even for the unresectable metastatic disease, the surgical resection of primary tumor can help them from symptoms, such as obstruction, perforation, pain, or bleeding [7, 8] .
As the survival rate of stage IV rectal cancer has improved, local control issues become more important. Despite an increased chance of survival following the resection of primary and metastatic liver tumors, the reported rate of pelvic failure is approximately 30-35% and the rate of extra-hepatic metastases is up to 67% [9, 10] .
Preoperative or postoperative pelvic radiotherapy (RT) can improve the local control of locally advanced rectal cancer [11] [12] [13] [14] [15] [16] [17] [18] . Despite the consensus that adjuvant pelvic RT provides benefits for locally advanced rectal cancer, the role of preoperative/postoperative pelvic RT in rectal cancer with synchronous metastasis has not been clearly defined [19] .
The aim of the present study is to evaluate the clinical implications of pelvic RT in rectal cancer patients with synchronous metastasis who received primary tumor resection.
Materials and Methods
Medical records of 112 patients with stage IV rectal cancer who received complete removal of primary tumors with or without metastasectomy in Seoul St. Mary's Hospital from March 1990 to February 2011 were retrospectively reviewed. All of the patients met the following eligibility criteria: histologically proven adenocarcinoma located within 12 cm from anal verge and no history of other malignancies. Synchronous metastasis was diagnosed during work-up or at the time of operation.
Each patient was evaluated through history, physical examination, routine blood tests, chest radiography, and other relevant studies. Pretreatment studies included computerized tomography (CT), magnetic resonance imaging (MRI), or positron emission tomography (PET).
Treatment
1) Surgical resection: All patients received a complete resection of primary tumor. Nine patients received anterior resection, 70 patients received low anterior resection, 17 patients received abdominoperineal resection, and 16 patients received Hartman's operation. Seventy-six patients received total mesorectal excision (TME) with pelvic lymph node dissection, whereas 12 patients did not. Fifty-nine patients received synchronous or staged complete resection of metastatic masses, and 53 patients did not. Pathologic report was reclassified by the 7th edition of the American Joint Committee on Cancer TNM classification.
2) Radiotherapy: Twenty-six patients received postoperative pelvic RT (RT group) and 86 patients did not receive RT (non-RT group). RT was delivered with a three-or four-field box technique with the patient in the prone position. The superior border of the RT field was L5/S1 junction and the inferior border was 3 cm below the distal extent of the primary tumor or at the bottom of the pubic bone. The lateral borders extended 1.5 cm lateral to the widest bony margins of the true pelvic side walls. The field also extended to the posterior aspect of the symphysis pubis. A total dose of 40 to 45 Gy was delivered to the whole pelvis and a boost dose of 5.4 to 10 Gy was delivered to the tumor bed and anastomosis site in a 1.8 to 2.0 Gy daily fraction. The radiation dose was modified by the physician's decision.
3) Chemotherapy: Neoadjuvant chemotherapy was delivered to 20 patients and adjuvant chemotherapy was delivered to all patients. Chemotherapy regimens were 5-fluorouracil (5-FU) only, 5-FU + leucovorin, FOLFOX, FOLFIRI, and others (Table  1) .
Statistical analysis
The primary endpoint of the study is the locoregional recurrence-free survival (LRFS) and the overall survival (OS). LRFS was defined as time from the date of the operation to the date of the first evidence of locoregional recurrence at followup. Progression-free survival (PFS) was defined as time from the date of the operation to the date of the first evidence of disease progression at any location or the last follow-up. Dead cases were censored in estimating LRFS or PFS. OS was defined as the time from the date of the operation to the date of death for any cause or the last follow-up. Recurrences within the pelvis, such as anastomosis site or regional lymph nodes, were considered as locoregional failures; newly onsets or progressions of metastatic tumor outside the pelvis were considered as distant failures. Chi-square test, Fisher's exact test, or linear by linear association were used to compare the characteristics between the two patient groups. The KaplanMeier method with log-rank tests were used to estimate LRFS, PFS, and OS. Tarone-Ware statistics were used to compare the survival curves in the sub-group analysis of patients with pathologic T4 (pT4) 
Results

Patient characteristics
The median follow-up duration was 24 months (range, 1 to 174 months) for all patients and 31 months (range, 18 to 174 months) for the surviving patients (n = 39). There was no significant difference in the median follow-up durations of 20.5 months (range, 2 to 174 months) for the RT group and 24 months (range, 1 to 156 months) for the non-RT group.
The median age was 58 years (range, 31 to 83 years). Seventy-four (66.1%) patients had liver metastasis, 9 (8.0%) patients had lung metastasis, and 10 (8.9%) patients had both liver and lung metastasis. The circumferential resection margin (CRM) was evaluated in only 55 patients, 9 in the RT group and 46 in the non-RT group. Five patients of the RT group and 13 patients in the non-RT group had positive CRM, showing no statistical significance (p = 0.110). All variables were comparable between the two groups, except for the age and chemotherapy regimen. Patients in the non-RT group were older than those in the RT group (p = 0.006); moreover, those in the non-RT group received irinotecan based regimen more frequently (p = 0.012). The characteristics of patients are summarized in Table 1 . 
Survival
The median OS, LRFS, and PFS of all patients were 27, 70, and 11 months, respectively. Three-year OS, LRFS, and PFS were 37.2%, 60.4%, and 20.8%, respectively (Fig. 1) .
In the univariate analysis, patients with higher pN stage, incomplete metastasectomy, and pelvic RT were poor prognostic factors in the OS (p = 0.028, p < 0.001, and p = 0.038, respectively) ( Table 2 ). Low pT and pN classification and complete metastasectomy improved OS significantly in the multivariate analysis (p = 0.040, 0.020, and 0.002, respectively) ( Table 2 ). There were no factors influencing LRFS (Table 3) . There was no difference between the RT group (58.2%) and the non-RT group (59.8%) in a 3-year LRFS (p = 0.563). In the subgroup analysis of pT4 disease, LRFS was significantly high in the RT group compared with the non-RT group (p = 0.026) (Fig. 2) . In PFS, pT, and pN, the classifications were significant prognostic factors in the univariate analysis (p = 0.010 and 0.033, respectively) ( Table 4 ), but not in the multivariate analysis (p = 0.125 and 0.159, respectively).
Recurrence
Profiles for the pattern of recurrence are depicted in Fig. 3A . During the follow-up period, no differences in the patterns and rate of recurrences were evident between the two groups. The recurrence rate in the RT group and the non-RT group was 76.9% and 69.8%, respectively (p = 0.260). For the RT and the non-RT groups, the locoregional failure occurred in 6 (23.1%) patients and 28 (32.6%) patients, respectively, locoregional failure alone occurred in 1 (3.8%) patient and 3 (3.5%) patients, respectively, and distant failure developed in 19 (73.1%) patients and 57 (66.3%) patients, respectively.
In 59 patients with complete tumor removal, including the metastatic site, the overall recurrence rate of the RT group and the non-RT group was 81.8% and 60.4%, respectively. The locoregional failure of both groups was 4 (36.4%) patients and 18 (37.5%) patients, respectively. There were no patients with locoregional failure only in the RT group (Fig. 3B ).
Discussion and Conclusion
In managing rectal cancer, local control is one of the most important issues for improving the treatment result. TME has diminished the locoregional recurrence rate [20, 21] . In addition, preoperative or postoperative pelvic RT has shown better results in rectal cancer in terms of local control [14, [22] [23] [24] [25] . However, pelvic RT can induce several complications, including proctitis, enteritis, stricture, obstruction, and perforation, and delay systemic chemotherapy. For these reasons, there is debate as to whether or not to perform pelvic RT to stage IV rectal cancer patients.
The National Comprehensive Cancer Network (NCCN) Clinical Practice Guideline recommends pelvic RT to resectable stage IV [26] ; however, there has yet to be a prospective study result. Some retrospective study reported the effect of the preoperative or postoperative pelvic RT for patients with stage IV rectal cancer. Kim et al. [27] reported that postoperative pelvic RT could improve LRFS in patients who had rectal cancer with resectable liver metastasis. Eighty-nine patients with synchronous distant metastases from rectal cancer were treated with TME alone or TME followed by pelvic RT. A 2-year pelvic failure-free survival rate of the RT group and the non-RT group was 80.8% and 64.8%, respectively (p = 0.028). There was no benefit in the OS. On the other hand, Chang et al. [28] reported that postoperative pelvic RT after the complete removal of tumors could not improve local control, DFS, or OS in patients with resectable liver or lung metastasis. Pasetto et al. [29] also reported no benefits of postoperative pelvic RT. In the case of unresectable metastatic rectal cancer, the palliative complete resection of primary tumor can be performed for symptom palliation. Further, pelvic chemoradiation can help local control. Crane et al. [30] have reported that pelvic RT has a palliative role in treating rectal cancer with liver metastasis. Symptomatic pelvic control rates were 81% and 91% in the chemoradiation and chemoradiation combined with surgery groups, respectively.
The purpose of this study was to evaluate the effect of pelvic RT in stage IV rectal cancer patients who received primary tumor resection; the results showed that pelvic RT could improve LRFS in T4 disease. However, pelvic RT could not improve the local control rate of stage IV rectal cancer who received a complete resection of primary tumor. However, a 2-year LRFS of the RT group and the non-RT group was 77.5% and 65.8%, respectively (p = 0.563), showing similar results with the report by Kim et al. [27] (80.8% and 64.8%, respectively; p = 0.028), which could reach a statistical significance.
The present study had several limitations. First, there were no strict criteria for radiation. The decision for RT was made by an individual surgeon or oncologist, which may be the main cause of selection bias. High risk patients for local recurrence were recommended to pelvic radiation more frequently. There was no significant difference in pathologic parameters including resection margin and staging, which are important factors for local recurrence between the two groups. However, a microscopic review of CRM was conducted in only a half of all patients, and in those patients, a positive CRM rate of the RT group was higher than that of the non-RT group, though statistically insignificant. The second limitation was heterogeneity of the study group in terms of stage and treatment modality; hence, statistical power decreased.
In conclusion, pelvic RT could not improve local control or OS in patients with metastatic rectal cancer who were treated by resection of primary tumor in this study. In patients with pT4 disease, pelvic RT could improve LRFS, thus, RT may be recommended to reduce pelvic failure. To further investigate the effect and candidates of pelvic RT more accurately, a prospective study should be conducted.
